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PROJECTION EXPOSURE APPARATUS 



This is a continuation of application Ser, No. 08/274,369 
filed Jul. 13, 1994, which is a continuation-in-part of appli- 
cation Sen No. 08/166,153 filed Dec. 14, 1993, which is a 5 
continuation of application Ser. No, 07/991,421 filed Dec, 
16, 1992, all now abandoned. 

BACKGROUND OF THE INVENTION 

10 

1. Field of the Invention 

This invention relates to a projection exposure apparatus 
for projection-exposing minute patterns necessary for the 
manufacture of semiconductive integrated circuits or the like 
onto a substrate (wafer). is 

2. Related Background Art 

As a prior-art projection exposure apparatus, there is 
known one in which exposure light is applied to a projection 
negative such as a mask or a reticle (hereinafter referred to 
as the reticle) on which a circuit pattern is formed, and the 
image of the circuit pattern on the reticle is transferred onto 
a substrate such as a wafer (hereinafter referred to as the 
wafer) through a projection optical system. 

Here, resolving power representative of a line and space ^ 
pattern transferred onto die wafer is theoretically of the 
order of O.SxXxNA when the wavelength of the exposure 
light is X and the numerical aperture of the projection optical 
system is NA. 

In the actual lithography process, however, a certain 3q 
degree of depth of focus becomes necessary due to the 
influence of the curvature of the wafer, the level difference 
of the wafer by the process, etc, or the thickness of photo- 
resist itself. Therefore, practical resolving power to which a 
factor such as the depth of focus has been added is expressed 35 
as kxXxNA, where k is called a process coefficient and is 
usually of the order of 0.7-0.8. 

Now, in recent years, particularly the tendency toward the 
minuteness of patterns transferred onto wafers is advancing 
and as a technique for coping with this tendency toward the 40 
minuteness, it is conceivable to shorten the wavelength of 
exposure light or to increase the numerical aperture NA of 
the projection optical system, as is apparent from the above- 
expression of the resolving power. 

However, in the technique of shortening the wavelength 45 
of exposure light, glass materials usable for the lenses of the 
projection optical system become limited witii the shorten- 
ing of the exposure light, and it is difficult to design a 
projection optical system in which aberrations have been 
sufficiently corrected, in such limited glass materials. 50 

Also, in the technique of increasing the numerical aper- 
ture NA of the projection optical system, an improvement in 
resolving power can be surely achieved, but the depth of 
focus of the projection optical system is inversely propor- 
tional to the square of the numerical aperture NA of the 
projection optical system. Accordingly, the depth of focus 
decreases remarkably, and this is not preferable. Moreover, 
it is difficult to design a projection optical system which has 
a great numerical aperture NA and yet in which aberrations 
have been sufficientiy corrected. ^ 

SUMMARY OF THE INVENTION 

So, it is an object of the present invention to eliminate the 
above-noted problems and to provide a projection exposure 65 
apparatus in which the depth of focus of a projection optical 
system is improved, whereby in practical use, a circuit 
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pattern on a reticle can be faithfully transferred onto a wafer 
with a higher resolution. 

To achieve the above object, a projection exposure appa- 
ratus according to an embodiment of the present invention 

5 includes illuminating optical means for illuminating a pro- 
jection negative, and projection optical means for projec- 
tion-exposing the projection negative illuminated by the 
illuminating optical means onto a substrate, the illuminating 
optical means including light source means for supplying 

JO exposure light, annular light source forming means for 
foraung an annular secondary light source by the light from 
said light source means, and condenser means for condens- 
ing the light beam from said annular light source forming 
means on the projection negative, and is designed to satisfy 
the following condition: 

Vi^d/d^^Vi, (1) 

where di is the inner diameter of the annular secondary light 
source, and dj is the outer diameter of the annular secondary 

20 light source. 

As described above, the projection exposure apparatus 
according to an embodiment of the present invention is 
designed to illuminate the reticle by the exposure light from 
the light source means, i.e., effect so-called annular illumi- 

25 nation (or inclined illimiin^on). 

At this time, the annular secondary light source of the 
annular light source forming means is designed to satisfy the 
above-mentioned conditional expression (I), whereby the 
depth of focus of projection means can be improved to 

30 achieve an improvement in practical resolution. 

When as an example, the wavelength X of light source 
means is i-line (365 nm) and the wafer side numerical 
aperture N A of a projection lens is 0.4, the line width which 
can be resolved by a prior-art exposure apparatus in which 

35 the process coefiScient is 0,7 is of the order of 0.64 pra from 
kxX/NA, while in the projection exposure apparatus accord- 
ing to an embodiment of the present invention, the process 
coefficient k is of the order of 0.5 and therefore, the line 
width which can be resolved is 0.46 pm. Thus, it vnW be seen 

40 that in the projection exposure apparatus according to the 
present invention, an improvement in resolution after a 
practically more sufScient depth of focus than in the prior-art 
apparatus has been secured is achieved. 

If the lower limit of the above condition (1) is exceeded, 

45 the inner diametw: of the atmular second light source 
becomes too small, and the effect or advantage caused by the 
annular illumination according to the invention is reduced so 
that it is difficult to improve depth of focus as well as 
resolution of the projection optical system. 

50 If the upper limit of the condition (1) is exceeded, the 
width of each line forming a pattern or patterns on a reticle, 
which width is uniform and the same, becomes uneven or 
varied depending on repetition of the lines or line-to-line 
distances of the pattern when transferred onto the wafer, and 

55 accordingly it is not possible to transfer the pattern on the 
reticle onto the wafer accurately. 

Further, if the upper limit of the condition (I) is exceeded, 
change in line width for change in exposure amount is 
enlarged and it is difiScult to form a pattern of a desired line 

60 width on the wafer. 

Further, to sufficiently bring out the effect of aimular 
illumination according to the present invention, it is desir- 
able that when the projection negative side numerical aper- 
ture of the projeaion optical means is NAj and the numeri- 

65 cal aperture of the illuminating optical means determined by 
the outer diameter of the annular secondary light source is 
NA2, the projection exposure apparatus according to the 
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present invention be designed lo the following conditional 
expression (2): 

0A5^mj/NA^^0,% (2) 

If the lower limit of this conditional expression (2) is 
exceeded, the angle of incidence of the light which Inclina- 
tion-iUuminates the reticle by annular illumination will 
become small and the effect of annular illumination accord- 
ing to the present invention can hardly be obtained. Tlierc- 
fore, effecting annular illumination will become meaning- 
less in itself. 

If conversely, the upper limit of conditional expression (2) 
is exceeded, the resolution as a spatial image will be 
improved, but the depth of focus will be reduced. Further, 
the contrast at the best focus will be greatly reduced, and this 
is not preferable. 

As described above, in the projection exposure apparatus 
according to the present invention, a depth of focus greater 
than in the prior-art projection exposure apparatus can be 
secured and therefore, exposure under a practically higher 
resolution can be realized. Thereby, more minute patterns 
than in the prior-ait projection exposure apparatus can be 
transferred onto wafers. 

Other objects, features and effects of the present invention 
will become fully apparent from the following detailed 
description taken in conjunction with the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view schematically showing the 
construction of a first embodiment of the present invention. 

FIG. 2 is a plan view showing the construction of an 
aperture stop. 

FIG. 3 shows the opening portion of an aperture stop 
provided at the pupil position of a projecdon optical system. 

FIG. 4 schematically shows a modification of the first 
embodiment of the present invention. 

FIG. 5 schematically shows the construction of a second 
embodiment of the present inventioiL 

HG. 6 shows the construction of a turret in the second 
embodiment of the present invention. 

FIG, 7 schematically shows a modification of the second 
embodiment of the present invention. 

FIG. 8 is a schematic view schematicaliy showing the 
construction of a third embodiment of the present invention. 

FIG. 9 is a schematic view showing a light giude in the 
third embodiment of the present invention. 

HG. 10 shows a modification of the first embodiment of 
the present invention. 

FIG. U shows a modification of the first embodiment of 
the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Some embodiments of the present invention will herein- 
after be described with reference to the drawings. 

FIG. 1 schematically shows the construction of a first 
embodiment of the present invention, and the first embodi- 
ment of the presertt invention will hereinafter be described 
in detail with reference to FIG. 1, 

Light (for example, light of g-line (436 nm), i-line (365 65 
mn) or the like) firom a mercury arc lamp 1 is condensed by 
sm elliptical mirror 2 and is converted into a parallel light 
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beam by a collimator lens 4 via a reflecting miiror 3, 
Thereafter, when the parallel light beam passes through a 
fly-eye lens 5 (optical integrator) comprised of an aggregate 
of a plurality of bar-like lens elements, a plurality of light 

5 source images are formed on the exit side thereof corre- 
sponding to the number of the bar-like lens elements con- 
stituting the fly-eye lens 5. 

An aperture stop 6 having an annular transmitting portion 
is provided at a location whereat the secondary light source 

jQ is formed, and here is formed an aimular light source. 

The aperture stop 6, as shown in FIG. 2, is formed by the 
deposition of light intercepting portions 6b and 6c of chro- 
mium or like material so that for example, an annular 
transmitting portion 6a may be formed on a transparent 

j5 substrate such as quartz. Alternatively, the aperture stop 6 
may be comprised of a circular light intercepting member 
and a light Intercepting member having a circular opening 
larger than that. 
When here, the diameter of the light intercepting member 

20 6b of the aperture stop 6 {the inner diameter of the annular 
transmitting portion 6a) is d^ and the diameter of the light 
intercepting member 6c of the aperture stop 6 (the outer 
diameter of the annular transmitting portion 6a) is dj and 
dj/dj is defined as an annular ratio, the annular ratio of the 

25 aperture stop 6 is designed within a range of Vi to %. 

Now, the light from the annular secondary light source 
formed by the aperture stop 6 is condensed by a condenser 
lens 8 via a reflecting mirror 7 and superposediy tmiformly 
illuminate a drcuit pattern 9a on a reticle 9 from an oblique 

30 direction. Tliereupon, the image of the circuit pattern on the 
reticle 9 is formed on the exposure area of a wafer 11 by a 
projection optical system 10. Accordingly, resist applied 
onto the wafer 11 is sensitized and the image of the circuit 
pattern on ^e reticle 9 is transferred thereto. 

35 Thereafter, the projection exposure apparatus drives a 
stage 12 on which the wafer 11 is placed, and moves the 
wafer 11 so that the drcuit pattern can be transferred to an 
area discrete from the afore-mendoned exposure area. The 
illuminated circuit pattern on the reticle 9 is then transferred 

40 by the projection optical system 10. In this maimer, the 
projection exposure ^paratus transfers circuit patterns in 
succession onto the wafer 11. 
An aperture stop 10a is pionded at the position of the 

* pupil (entrance pupil) of the projection optical system 10, 
and this aperture stop 10a is provided conjugately with the 
^erture stcjp 6. 

FIG. 3 shows the state of the circular opening portion P of 
the aperture stop 10a, and as shown, the image I of the 
annular secondary ligjit source is formed inside the opening 
portion A of the E^jcrtute stop 10a, and the annular rado of 
the image I of this secondary light source (the irmer diameter 
D, of the image of the secondary light source/the outer 
diameter D2 of the image of the secondary light source) is 
equal to the above-mentioned aimular ratio of the aperture 
stop 6. 

When hesB. the diameter of the opening portion of the 
aperture stop 10a is D3, the ratio (D2/D3) of the outer 
diameter of tfie image of the secondary light source to the 
60 diameter of the opening portion A of the aperture stop 10a 
is called a coherence factor, Le,, a value, and at this time, the 
image I of the annular secondary light source is formed 
wthin the range of the a value of 0.45 to 0.8, as shown in 
HG. 3. 

65 When as shown in HG. 1, the reticle side numerical 
aperture of die projection opdcal system 10 determined by 
a ray R, from tlie most marginal edge of the aperture stop 
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10a which is parallel to the optical axis Ax is NAj (=sin 
and the numerical aperture of the illuminating optical system 
(1-8) detennined by a ray R2 from the most marginal edge 
(the outermost diameter) of the aperture stop 6 which is 
parallel 10 the optical axis Ax is NAj (=sin GjX the o value 5 
is also defined by the following equation: 

Now, in the process of printing a circuit paUem on the 
wafer 11, there are various processes such as a process in 
which the printing of a minute pattern is required, and a 
process in which a great depth of focus is required, and the 
optimum depth of focus and resolution in each of these 
processes are found. 

llieicfore, in the present embodiment, the aperture of the 15 
aperture stop IQa is variably designed and the a value is 
varied to thereby control the depth of focus and resolution on 
the wafer 11. 

A desired depth of focus and resolution are first input by 
means of an input portion 16 such as a keyboard. A control 20 
portion 14 determines the a value on the basis of this input 
information, and controls a driving portion 15 for varying 
the aperture of the aperture stop IQa. The driving portion 15 
varies the diameter of the opening portion A of the aperture 
stop 10a and changes the a value. 

Also, as shown in FIG. 4, a mark 9b such as a bar code ^ 
including process information, the information of the 
desired depth of focus and information regarding a mini- 
mum line width on the wafer 11 may be provided on the 
reticle 9, and a mark detecting portion 13 for detecting this 
mark 9b may be provided. In this case, the control portion 30 
14 determines the c value on the basis of information 
detected by the marie detecting portion 13. 

As described above, in the present embodiment, annular 
illuimnation is effected by the disposition of the aperture 
stop 6 and therefore, greater improvements in the depth of 35 
focus and resolution can be achieved. Further, the a value is 
variable and therefore, an optimum illuminating condition 
confonning to each process can be achieved. 

Also, in the embodiments shown in FIGS. 1 and 4, the 
aperture stop 6 is fixedly used, but the annular ratio of this 40 
aperture stop 6 may be varied. FIG. 5 is a schematic view 
schematically showing the construction of a second embodi- 
ment in which a plurality of aperture stops differing in 
annular ratio from one another are provided along the 
circumferential direction of a drcular substrate (turret). 45 

In FIG, 5, for the simplicity of illustration, members 
functionally similar to those in the first embodiment shown 
in FIG. 1 are given the same reference characters. 

Only the differences of the second embodiment from the 
first embodiment will hereinafter be described in detail. In 50 
the projection exposure apparatus shown in FIG, 5, a dr- 
cular substrate 60 provided with a plurality of aperture stops 
having different annular ratios is provided at a position on 
the exit side of the fiy-eye lens 5 whereat a plurality of light 
source images are formed. As shown in the plan view of 55 
HG. 6, a first group of aperture stops (60&-60c) having 
different annular ratios within a range of and a second 
group of aperture stops (60^-60A) having an outer diameter 
differing from that of the first group of aperture stops and 
having different armular ratios within a range of Vs-^s are 60 
provided on the transparent circular substrate 60 by the 
deposition of chromium or the like. Further, a circular 
aperture stop 60a haWng the same diameter as the outer 
diameter of the first group of aperture stops and a drcular 
aperture stop 60^ having the same diameter as the outer 65 
diameter of the second group of aperture stops are provided 
on the circular substrate 60. 
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In the present embodiment, the aperture stops (60£;-60c, 
60/-60/i) having optimum annular ratios are set on the exit 
side of the fly-eye lens 5 and the depth of focus and 
resolution on the wafer 11 are controlled. 
5 Turning back to FIG. 5, the control of the above-men- 
tioned depth of focus and resolution will hereinafter be 
described in detail. 

Process information and information regarding the 
required depth of focus and minimum line width are input by 

10 the use of the input portion 16 such as a keyboard. 

On the basis of such input information, the control portion 
14 selects one of the aperture stops (60fe-60c, 6Qf'-6Qh). The 
control portion 14 then controls a driving portion 61 for 
driving the circular substrate 60 so that the selected one of 

15 the aperture stops {60b-6Qc, 60f-60k) may be positioned on 
the exit side of the fly-eye lens 5. 

Thereby, the depth of focus and resolution on the wafer 11 
can be controlled and therefore, opUmum annular illumina- 
tion under an optimum a value can be accomplished. Also, 

20 if the aperture stops (60a, 60e) ha\dng an usual circular 
opening are set on the exit side of the fly-eye lens 5. 
exposure by usual illumination can be accomplished. 

Also, as shown in FIG. 7, a mark 9b such as a bar code 
including process information and information regarding the 

25 desired depth of focus and minimum line width on the wafer 
11 may be provided on the reticle 9 and a mark detecting 
portion 13 for detecting this mark 9b may be provided. In 
such case, the control portion 14 selects one of the aperture 
stops (60Z^-60c, 6Qf-6Qh) on the basis of information 

30 detected by the mark detecting portion 13, 

A third embodiment of the present invention will now be 
described with reference to FIGS. 8 and 9. FIG. 8 is a 
schematic view schematically showing the construction of 
the third embodiment of the present invention. For simplic- 

35 ity of illustration, members functionally similar to those in 
the first embodiment of FIG. 1 are given the same reference 
characters. 

The diflference of the third embodiment from the first 
embodiment is that instead of the aperture stop 6 provided 

40 between the fly-eye lens 5 and the reflecting mirror 7, there 
are provided a condensing lens 20 and a light guide 21 
comprised of a plurality of optical fibers ha^d^g thck 
entrance sides bundled into a circular shape and having their 
exit sides bundled into an annular shape, and a number of 

45 annular light sources are formed without intercepting a light 
beam from the fly-eye lens 5. 

In the third embodiment of FIG. 8, a plurality of light 
source images are formed on the exit side of the fly-eye lens 
5 by the light from the mercuiy arc lamp 1 through the 

50 intermediary of the elliptical mirror 2, the reflecting mirror 
3, the collimator lens 4 and the fly-eye lens 5 in succession. 
Since the exit end of the fly-eye lens 5 and the exit end of 
the light gmde 21 are made into a conjugate relation by the 
condensing lens 20, an annular secondary light source is 

55 formed at the exit end of the light guide 21, 

As shown in FIG. 9, a circular member 21a for bundling 
a plurality of fibers is provided at the entrance end of the 
light guide 21 and an armular member 2lb for bundling the 
plurality of fibers into an armular shape is provided at the 

60 exit end of the light guide. 

The ratio of the inner diameter of the exit end of the light 
guide 21 to the outer diameter of the exit end of the light 
guide 21, i.e., the annular ratio, is designed so as to be V3 to 
Vz, and as shown in FIG. 3, an annular light source image of 

65 which the a value is of the order of 0,45 to 0.8 is formed at 
the position of the aperture stop 10a of the projection optical 
system. 
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By the above-described construction, in the present 
embodiment, annular illumination can be effected efficiently 
without intercepting the light from the light source 1 and 
therefore, not only greater improvements in the depth of 
focus and resolution can be achieved, but also exposure 5 
under a high throughput can be accomplished. 

Again in the present embodiment, as described above, 
means for detecting a nfiaik including various kinds of 
information on the reticle may be provided and on the basis 
of the information detected thereby, the optimum diameter lo 
of the opening portion of the aperture stop 10a may be set, 
and annular illumination under an optimum 0 value may be 
tfected. 

Further, in the present embodiment, provision may be 
made of a plurality of light guides differing in annular ratio 15 
and outer diameter from one another and design may be 
made such that in conformity with the required depth of 
focus and resolution, one of the plurality of light guides is 
positioned between the condensing lens 20 and the con- 
denser lens 8. Thereby, the depth of focus and resolution can 20 
be controlled without the illumination ef&dency being 
leduced and optimum annular illumination imder an opti- 
mum 0 value can be accomplished. 

Of course, an excimer laser (KrF: 248 nm, ArF: 193 nm, 
etc.) may be used as the light source of the projection 25 
exposure apparatus according to the present embodiment. 

Also, in the embodiment shown in FIG. 1, the fly-eye lens 
5 is used as the optical integrator, but this is not restrictive. 
For example, as shovra in FIG. 10, a bar-like optical element 

52 may be employed as the optical integrator. This bar-like 30 
optical element 52 is constructed of glass formed into a 
bar-like shape, or is constructed such that the inner surface 
of a prismatic or cylindrical barrel is a reflecting surface. The 
parallel light beam from the mercury arc lamp 1 passed via 
the elliptical mkror 2, the reflecting minor 3 and the 35 
collimator lens 4 is condensed on the entrance surface of the 
bar-like optical element 52 by a lens 51 and repeats reflec- 
tion on the iimer surface of this bar-like optical element 52, 
thereby emerging from the bar-like optical clement 52 with 

a traiform illumination <Hstribution. TOs emergent light 40 
forms a light source image on the aperture stop 6 by a lens 

53 provided on tiie exit side of the bar-like optical element 
52. Thereby, an armular secondary light source is formed on 
the aperture stop 6. 

In the embodiment shown in FIG. 11, a prism member 45 
such as a cone lens 54 of which the entrance side surface and 
the exit side surface are conical surfaces, as shown, for 
example, in FIG. 11, may be disposed in the optical path 
from the collimator lens 4 to the fly-eye lens 5. Thereby, tiie 
light beam entering the fly-eye lens 5 is made into a parallel so 
light beam of which the cross-sectional shape is annular, and 
an annular secondary light source is formed on the exit 
* surface of the fly-eye lens 5. Thus, an annular secondary 
light source can be provided without involving a reduction 
in the efladency of the quantity of light, 55 

In the embodiment shown in HG. 11, the cone lens 54 
may be divided by a plane perpendicular to the optical axis. 
In other words, the cone lens 54 may be formed or replaced 
by two optical elements, one being an optical element whose 
light incident side (end) has a conically recessed surface and 60 
whose light exit side (end) has a fiat plane surface, and the 
other being an optical clement which has a fiat plane end 
surface at a light inddent side and a conically projected end 
surface at a light exit side, and both of these elements bdng 
arranged between the collimator lens 4 and the fly-eye lens 65 
5. Sudi an arrangement may form an annular secondary light 
source at alight exit plane of the fly-eye lens 5, By changing 
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a distance along the optical axis between those two optical 
elements, an annular ratio of the secondary light source 
formed on the exit plane of the fly-eye lens can be changed. 
Further, in the embodiment shown in FIG. 11, design may 
5 be made such that the inner diameter and outer diameter of 
the aperture stop 6 are variable, and this aperture stop 6 may 
be disposed at any location which is conjugate with the 
position at which the secondary light source is formed For 
example, it is also conceivable to dispose a stop of which the 
diameter of the opening portion is variable on the exit 
surface side of the fiy-eye lens 5, dispose a stop of which the 
diameter of the light intercepting portion is variable at a 
location conjugate with the exit surface of the fiy-eye lens, 
and vary the annular ratio and <j value of the annular 
secondary light source. 
^5 In the above described embodiments, the aperture stop 
may be formed by a transparent type liquid crystal display 
device, an electrochromic device or the like. 

What is claimed is: ^ 
1. A projection exposure apparatus including: 
illuminating optical means for illuminating a projection 
negative; and 

projection optical means for projection-exposing said 
projection negative illuminated by said illuminating 

^ optical means onto a substrate; 

said illuminating optical means including light source 
means for supplying exposure light, annular light 
source forming means for forming an armular second- 
ary light source, which has a plurality of light source 

jQ images, by the light from said light source means, and 
condenser means for condensing light from said annu- 
lar light source forming means on smd projection 
negative; 

said apparatus satisfying the following condition: 



where d^ is the inner diameter of said annular secondary 
light source, and ds is the outer diameter of said annular 
40 secondary light source; 

said apparatus also satisfying the following condition: 

where NAj is the numerical aperture of said projection 
optical means, and NAj is the numerical aperture of said 
illuminating optical means determined by the outer diameter 
of said annular secondary light source. 

2. A projection exposure apparatus according to claim 1, 
wherein said aimular light source forming means includes: 

an optical integrator, and 

stop means disposed in the optical path of light emerging 
from said optical integrator and having an annular 
opemng portion. 
55 3. A projection exposure apparatus according to claim 2, 
wherein said optical integrator is comprised of a plurality of 
lens elements, 

4. A projection exposure apparatus according to claim 2, 
wherein said optical integrator includes a bar-like optical 

60 element 

5. A projection exposure apparatus according to claim 2, 
wherein said stop means has a plurality of opening portions 
differing in the ratio of the iimer diameter of said aimular 
opening portion to the outw diameter of said armular open- 

65 ing portion from one another, and one of said plurality of 
opening portions of said stop means is disposed in said 
optical path, ' 
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6. A projection exposure apparatus according to claim 5, 
wherein said stop means includes a circular opening portion, 

7. A projection exposure apparatus according to claim 5, 
further including: 

driving means for disposing one of said plurality of 5 

opening portions in said optical path; 
input means for inputting information regarding various 

conditions during exposure; and 
control means for controlling said driving means on the 

basis of the input information from said input means, 

8. A projection exposure apparatus according to claim 7, 
wherein said input means includes detecting means for 
detecting a marie on said projection negative on which the 
information regarding the various conditions during expo- 
sure is recorded. 15 

9. A projection exposure apparatus according to claim 1, 
wherein said projection optical means includes an aperturf 
stop of which the diameter of the opening is variable, and 
said projection exposure apparatus further includes: 

driving means for varying said diameter of the opening of 20 

said aperture stop; 
input means for inputting information regarding various 

conditions during exposure; and 
control means for controlling said driving means on the 

basis of the input information from said input means. 25 

10. A projection exposure apparatus according to claim 1, 
wherein said annular light source fomning means includes 
light guide means for transmitting said exposure lighL 

11. A projection exposure apparatus according to claim 
10, wherein said light guide means is constructed such that 35 
the entrance side cross-sectional shape of said light guide 
means is arcular and the exit side cross-sectional shape of 
said light guide means is annular. 

12. A projection exposure apparatus including: ^ 
illumination optical means for illuminating a projection 35 

negative; and 

projection optical means for projection-exposing said 
projection negative illuminated by said illumination 
optical means onto a substrate; 

said illumination optical means including light source 40 
means for supplying exposure light, means for forming 
a secondary light source, which has a plurality of light 
source images, by the light from said light source 
means, means including annular ratio changing means 
for converting said secondary light source into an 
annular secondary light source and changing a ratio 
between an inner diameter and outer diameter of said 
annular secondary light source, and condenser means 
for condensing light from said annular secondary light 
source onto said projection negative, 

said apparatus satisfying the following condition: 

where dj is the inner diameter of said annular secondary 
light source, and d^ is the outer diameter of said annular 55 
secondary light source, and said apparatus satisfying 
the following condition: 

0.45^AMyAM,£0^ 

60 

where NAj is tiie numerical aperture of said projection 
optical means, and NAj is tiie numerical aperture of 
said illumination optical means determined by the outer 
diameter of said annular secondary light source. 
13. A projection exposure apparatus according to claim 65 
12, wherein said means for fonning said secondary light 
source has an optical integrator. 
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14. A projection exposure apparatus according to claim 

13, wherein said annular ratio changing means includes stop 
means disposed in an optical path of light flux emergent 
from said optical integrator and having an annular opening 
portion, 

15. A projection exposure apparatus according to clmm 

14, wherein said stop means includes a plurality of opening 
portions differing from one another in a ratio of inner 
diameter of said annular opening portion to outer diameter 
of said annular opening portion, and one of said plurality of 
opening portions of said stop means is disposed in the 
optical path of said illumination optical means. 

16. A projection exposure apparatus according to claim 

15, wherein szud stop means includes a circular opening 
portion. 

17. A projection exposure apparatus according to claim 
15, further including: 

driving means for disposing one of sdd plurality of 
2Q opening portions in said optical path; 

input means for inputting information regarding various 
conditions during exposure; and 

control means for controlling said driving means on the 
basis of the input information from said input means. 
25 18. A projection exposure apparatus according to claim 
12, further including: 

input means for inputting information regarding various 

conditions during exposure; and 
control means for controlling said annular ratio changing 
means on the basis of the input information from said 
input means. 

19. A projection exposure apparatus according to claim 
18, wherein said annular ratio changing means includes a 
plurality of opening portions of which a ratio between an 
inner diameter and an outer diameter is different from one 
another, and one of said plurality of opening portions is 
disposed in an optical path of said illumination optical 
means. 

20- A projection exposure apparatus according to claim 
18, wherein said annular ratio changing means is disposed in 
an optical path of said illumination optical means and 
includes a movable stop for changing the ratio between the 
inner diameter and outer diameter. 

21. A projection exposure apparatus comprising: an illu- 
minating optical system; and 

a projection optical system; 

s2dd illumination optical system including a light source, 
an optical integrator and a condenser optical system; 
50 light from smd light source passing through said optical 
integrator, said condenser optical system, a projection 
negative and said projection optical system, and onto a 
substrate; 

said optical integrator forming a plurality of annular light 
55 source images; and 

the following conditions being satisfied: 

where dj is an inner diameter of said plurality of annular 
light source images, dj is an outer diameter of said 
plurality of annular light source images, NA, is the 
65 numerical aperture of said projection optical system at 
a side of said projection negative and NAj is the 
numerical aperture of said condenser optical system at 
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an exit side detennined by the outer diameter of said 
plurality of annular light source images. 

22. A projection exposure apparatus including: 
an illumination optical system; and 

a projection optical system; ^ 
said illumination optical system including a light source, 

an optical integrator, an annular stop and a condenser 

optical system; 

light from said light source passing through said optical iq 
integrator, said condenser optical system, a projection 
negative and said projection optical system and onto a 
substrate; 

said annular stop being provided at a position where a 
plurality of images are formed by said illumination I5 
optical system; 

said apparatus satisfying the following conditions: 

where dj is an inner diameter of an opening of said 
annular stop, d^ is an outer diameter of the opening of 
said annular stop, NA^ is the numerical aperture of said 
projection optical system at a side of said projection 
negative and NAj is the numerical aperture of said 
condenser optical system at an exit side determined by 
the outer diameter of the opening of said annular stop. 

23. A projection exposure apparatus comprising: 
an illuminating optical system; and 
a projection optical system; 

said illuminating optical system including a light source, 
an optical integrator, an annular stop and a condenser 
optical system; 

light from said light source passing through said optical 
integrator, said condenser optical system, a projection 
negative and s^d projection joptical system and onto a 
substrate; 

said illuminating optical system forming a plurality of 
annular light source images satisfying the following 
condition: 

where d, is an irmer diameter of said plurality of armular 
light source images and dj is an outer diameter of said 
plurality of annular light source images; and 

said projection exposure apparatus satisfying the follow- 
ing condition: 

0,45^AMy3VA,^0,8. 

where NA, is the numerical aperture of said projection 
optical system at a side of said projection negative, and 
NA2 is the numerical aperture of said condenser optical 
system at an exit side determined by an outer diameter 
of an opening of said annular stop. 

24. A projection exposure ^paratus comprising: 
an illuminating optical system; and eo 
a projection optical system; 
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said illuminating optical system including a light source, 
an optical integrator and a condenser optical system; 

light from said light source passing through said optical 
integrator, said condenser optical system, a projection 
negative and said projection optical system and onto a 
substrate; 

said illuminating optical system forming a plurality of 
annular light source images satisfying the following 
condition: 

where d| is an inner diameter of said plurality of annular 
light source images, da is an outer diameter of said 
plurality of annular light source images; 

the ratio between the inner <Sameter and the outer diam- 
eter of said annular light source images being variable 
within the range of said condition; 

said projection exposure apparatus satisfying the follow- 
ing condition: 

0.45gAW2y2V>l,^0.S. 

where NAj is the numerical aperture of said projection 
optical system at a side of said projection negative, and 
NA2 is the numerical aperture of said condenser optical 
system at an exit side detemiined by the outer diameter 
of said plurality of annular ligjit source images. 



25, A projection exposure sqiparatus comprising: 
an illununating optical systCTi; and 
a projection optical system; 

said illuminating optica! system including a light source, 
an optical integrator, a first annular stop, a second 
annular stop and a condenser optical system; 

light from said light source passing through said optical 
integrator, said condenser optical system, a projection 
negative and said projection optical system and onto a 
substrate; 

said first and second annular stops satisfying the follow- 
ing condition: 

where d^ is an inner diameter of an opening of said 
anna!ar stops and d^ is an outer diameter of an opening 
of said annular stops; 

ssdd first and second atmular stops being selectively 
disposed in a position where a plurality of light source 
images are formed by said illuminating optical system; 
and 

said projection exposure apparatus satisfying the follow- 
ing condition: 

0,45^iVA2WA,^0.8, 

where NAj is the numerical aperture of said projection 
optical system at a side of said projection negative, and 
NA2 is the numerical aperture of said condenser optical 
system at an exit side detennined by the outer diameter 
of said plurality of annular light source images. 
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1 26. A projection exposure apparatus comprisincr: 

2 an illuitiination optical system including an optical 

3 integrator that forms a substantially annular secondary 

4 light source; and 

5 a projection optical system, 

6 said illtimination optical system satisfying the 

7 following condition: 

8 1/3 < djd^ ^ 2/3 

9 wherein d^ is an inner diametjer of the secondary light 

10 so urce and dg is an outer diameter of the secondary light 

11 source > 

1 27 > A projection exposure apparatus comprising; 

2 an illiimination optical system including an optical 

3 integrator through which a light beam irradiated on a mask 

4 passes; and 

5 a projection optical system; 

6 said illumination optical system providing an intensity 

7 distribution of the light beam with an annular increased 

8 intensity portion relative to the inside thereof, and 

9 said illumination optical system satisfying the 

10 following condition; 

11 0.45 < NAa/NA^ < 0,8 

12 wherein NA^ is the nxamerical aperture of said 

13 projection optical system, and NAg is the numerical aperture 

14 of light from the increased intensity portion. 

13 



1 28^ A projection exposure apparatus comprising; 

2 an illumination optical system including an optical 

3 integrator through which a light beam irradiated on a mask 

4 passes? and 

5 a projection optical system; 

6 said illumination optical system providing an intensity 

7 distribution of the light beam with an annular increased 

8 intensity portion relative to the inside thereof and 

5 changing the intensity distribution in accordance with a 

10 pattern formed on the mask so as to maintain a shape of the 

11 annular increased intensity portion^ 

1 29. A projection exposure apparatus comprising; 

2 an illumination optical system disposed between a light 

3 source and a mask; 

^ a projection optical system disposed between the mask 

5 and a substrate; and 

^ an opt ical device, disposed within the illumination 

7 optica l svstem> that forms a plurality of secondary light 

S source s including a substantially annular secondary light 

^ source and a substantially circular secondary light source 

lt> with light fro m the light source to illuminate the mask with 

11 light from on e of the plurality of secondary light sources, 

1^ the optical d evice changing an intensity distribution of the 

13 annular second ary light source so as not to change the shape 

1^ thereof and c hanging an intensity distribution of the 
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15 circular secondary light source so as not to change the 
15 shape thereof . 
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1 30. A combination of an illuiainator and a 

2 photolithographic projection imager, the combination 

3 comprising; 

4 a. an illxjminator optical system for directing 

5 illumination from a source to a pupil of the illuminator 

6 from which a reticle is illuminated to be imaged on a wafer 

7 by an objective imaging system; 

8 b. the illuminator in a collimated region of 

9 illiHaination upstream of the illTjminator pupil having a pair 

10 of refractive elements having conical surfaces that are 

11 respectively concave and convex; 

12 c. said elements being arranged so that an upstream 

13 one of said elements diverges the illumination into a single 

14 beam having an annular configuration of intensity and a 

15 downstream one of said elements counters the divergence 

16 caused by the upstream element to give the illumination an 

17 annular intensity profile of the single beam at the pupil of 

18 the illuminator; and 

19 d. a uniformizer arranged between said elements and 

20 the pupil of the illuminator. 

1 31. The combination of Claim 30, wherein the distance 

2 between said elements is variable to vary the radius of said 

3 annular intensity profile. 

1 32. The combination of Claim 31, wherein said distance 

2 between said elements can be reduced enough to counter said 
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3 divergence approximately at its source to keep said 

4 intensity configuration from becoming annular. 

1 33 > The combination of Claim 30, wherein said upstream 

2 element has said concave conical surface and said downstream 

3 element has said convex conical surface. 

1 34. The combination of Claim 30, wherein a mask is 

2 positionable at said pupil within said annular intensity 

3 profile. 



1 35. The combination of Claim 30, wherein said concave 

2 and convex conical surfaces have the same conic angle. 

1 36. The combination of Claim 30, wherein said elements 

2 are separated by an air gap. 

1 37. The combination of Claim 30, wherein said conical 

2 surfaces are arranged to confront each other. 



1 38. The combination of Claim 37, wherein the distance 

2 between said elements is variable to vary the radius of said 

3 annular intensity profile to accommodate characteristics of 

4 the reticle. 



1 



2 



39. The combination of Claim 38, wherein said conical 
surfac es can be moved into proximity for countering said 

17 



divergence to keep said intensity configuration from 
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4 becoming annular 



1 40^ The combination of Claim 39, wherein a mask of 

2 variable size is positionable downstream of said conical 

3 surfaces within said annular intensity profile. 

1 41, The combination of Claim 30, wherein said 

2 refractive elements are faceted, 

1 42, In an illuminator for a photolithographic 

2 projection imager, the improvement comprising; 

3 a, a first refractive element arranged in a collimated 

4 region of an illumination path of said illuminator upstream 

5 of a pupil of said illuminator so that a conical surface of 

6 said first refractive element diverges the illumination into 

7 a single beam having an annular configuration of intensity; 

8 b. a second refractive element arranged to receive 

9 diverged illumination from said first refractive element and 

10 said second refractive element having a conical surface 

11 arranged for countering the illumination divergence caused 

12 by said first refractive element to fix the radius of the 

13 divergence of the single beam of said illumination; 

14 c. the radius of divergence of the illumination output 

15 from the second refractive element appearing as an annular 

16 intensity profile of illumination at the pupil region of the 
illuitiinator causing illxamination with an annular intensity 

18 



18 profile to illuminate a reticle that is imaged onto a wafer 

19 by an objective imaging system of the photolithographic 

20 projection imager; and 

21 d> a uniformizer arranged between said first and 

22 second refractive elements and the pupil of the illxominator > 



1 43. The improvement of Claim 42, wherein said conical 

2 surface of said first refractive element is concave, and 

3 said conical surface of said second refractive element is 

4 convex . 

1 44. The improvement of Claim 42, wherein said first 

2 and second refractive elements are separated by an air gap. 

1 45. The improvement of Claim 42, wherein a distance 

2 between said refractive elements is variable for varying 

3 said radius of illumination divergence to accommodate 

4 characteristics of the reticle. 



1 46. The improvement of Claim 45, wherein a minimum of 

2 said variable distance between said refractive elements 

3 results in said second element countering the illumination 

4 divergence so that the configuration of illumination 

5 intensity does not become annular. 
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^Li The imp rovement of Claim 45, including a variable 

size mask arran ged for blocking illumination within said 
annular configuration of intensity. 



^ 48,! The imp rovement of Claim 42, wherein said conic 

^ surfaces of sai d first and second refractive elements have 

3 the same conic angle. 

^ 15^2 The imp rovement of Claim 42, wherein said conic 

2 surface of said first and second refractive elements 

3 confront each other. 

^ -50_: The improvement of Claim 49, wherein a distance 

^ between said refractive element is variable for varying said 

3 radius of illu mination divergence to accommodate 

4 characteristics of the reticle. 



^ 51.2 The imp rovement of Claim 50, wherein said 

2 illumination divergence is substantially eliminated by 

3 moving said co nic surfaces into proximity. 

^ The improvement of Claim 50, wherein illTjmination 

^ within said annular con figuration of intensity is blocked by 

3 a inask> 
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1 53. The improvement of Claim 42, wherein said conic 

2 surfaces of said first and second refractive elements face 

3 away from each other, 

1 54 > The improvement of Claim 42, wherein said 

2 refractive elements are faceted, 

1 55, An illiiminator combined with a photolithographic 

2 projection imager, the combination comprising; 

3 a, the illuminator having an optical system for 

4 directing illumination along an optical axis of the 

5 illxxminator upstream of a pupil of the illuminator so that 

6 an intensity profile of the illTomination as the illuminator 

7 pupil is directed to a reticle that is imaged on a wafer by 

8 an objective imaging system of the photolithographic 

9 projection imager; 

10 b, a diverging element arranged in a collimated region 

11 of the illumination path of said illuminator upstream of the 

12 illuminator pupil for diverging said illumination into a 

13 single beam having an annular configuration of intensity; 

14 c, a counter diverging element arranged in said 

15 illumination path at a variable distance from said diverging 

16 element for receiving said diverging illumination; 

17 d, said counter diverging element being arranged for 

18 countering the divergence of said illumination and fixing 

19 the radius of said annular configuration of intensity of the 
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20 single beam as a function of the distance between said 

21 elements ? 

22 e^ the annular configuration of illximination intensity 

23 output from the counter diverging element appearing as an 

24 annular intensity profile of the single beam of the 

25 illumination at the illuminator pupil and at the reticle so 

26 that the radius of the annular intensity profile 

27 accommodates characteristics of the reticle; and 

28 f > a uniformizer arranged between said elements and 

29 the pupil of the illuminator. 

1 56. The combination of Claim 55, wherein said elements 

2 are refractive and have faceted surfaces. 

1 57. The combination of Claim 55, wherein said elements 

2 are concentrically diffractive. 

1 58. The combination of Claim 55, wherein said elements 

2 are reflective and have conical surfaces. 

1 59. The combination of Claim 55, wherein said elements 

2 are refractive and have conical surfaces. 

1 60. The combination of Claim 59, wherein said conical 

2 surfaces are concave on one of said elements and convex on 

3 another of said elements. 
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1 61 > The combination of Claim 60, wherein said concave 

2 and convex conical surfaces confront each other. 

1 62. The combination of Claim 61, wherein said counter 

2 diverging element can be positioned for countering said 

3 diverging illumination so that the illumination intensity 

4 profile does not become annular. 

1 63. The combination of Claim 60, wherein said concave 

2 and convex conical surfaces face away from each other. 

1 64. The combination of Claim 55, wherein said 

2 diverging element is refractive and has a concave conical 

3 surface. 

1 65. The combination of Claim 55, wherein said counter 

2 diverging element is refractive and has a convex conical 

3 surface. 

1 66. The combination of Claim 55, wherein said counter 

2 diverging element can be positioned for countering said 

3 diverging illumination so that said intensity configuration 

4 does not become annular. 

1 67. The combination of Claim 55, including a variable 

2 size mask positioned to block illumination within said 

3 annular configuration. 
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1 --68 > An illuminator for a photolithographic 

2 projection imager including a variable annular illixmination 

3 intensity profiler, said profiler comprising a pair of 

4 diverging and counter diverging elements arranged in the 

5 illumination path of said illuminator so that said diverging 

6 element diverges the illumination into an annular 

7 configuration of intensity and said counter diverging 

8 element counters the divergence caused by said diverging 

9 element to give the illxamination an annular intensity 

10 profile the configuration of which is a function of the 

11 distance between the pair of elements 

1 --69. An illuminator according to Claim 68, wherein 

2 the diverging element is a refractive element having a 

3 concave conical surface and the counter diverging element is 

4 a refractive element having a convex conical surface>-- 

1 --70. An illuminator according to Claim 68, wherein 

2 the diverging and counter diverging elements are refractive 

3 elements that are faceted, 

1 --71. An illuminator according to Claim 68, wherein 

2 said diverging and counter diverging elements are 

3 concentrically dif f ractive . - - 
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1 --72. An illuminator according to Claim 68, wherein 

2 the diverging and counter diverging elements are reflective 

3 and have conical surfaces 

1 --73. An illiminator according to Claim 68, wherein 

2 the diverging element is a first refractive element arranged 

3 in the illumination path of the illumination upstream of a 

4 pupil region of said illuminator so that a conical surface 

5 of said first refractive element diverges the illumination 

6 into an annular configuration of intensity, and said counter 

7 diverging element is a second refractive element arranged to 

8 receive diverged illvimination from said first refractive 
^ elements said second refractive element having a conical 

10 surface arrangeable for countering the illumination 

11 divergence caused by said first refractive element and 

12 fixing the radius of the divergence of said illumination. 

1 --74. An illuminator according to any of Claims 68 to 

2 73, wherein the distance between the diverging and counter 

3 diverging elements is variable to vary the radius of the 

4 annular intensity profile. 

1 --75. An illuminator according to any of Claims 68 to 

2 73, wherein the distance between the diverging and counter 

3 diverging elements can be reduced enough to counter said 

4 divergence approximately at its source to keep the intensity 

5 configuration from becoming annular. -- 
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1 "-76. An illuminator according to any of Claims 68-73, 

2 wherein the diverging and counter diverging elements are 

3 arranged on the optical axis of the illuminator upstream of 

4 a pupil region of said illuminator . 

1 '"11 • An illuminator according to Claim 76, wherein a 

2 laask is positioned at the pupil region within the annular 

3 intensity profile>-- 

1 --78. An illuminator according to any of Claims 68 to 

2 73, wherein the diverging and counter diverging elements are 

3 separated by an air gap>-- 

1 --79. An illuminator according to Claim 69 or 73, 

2 wherein the concave and convex conical surfaces have the 

3 same conic angle . - - 

1 --80. An illuminator according to Claim 69 or 73, 

2 wherein the conical surfaces are arranged to confront each 

3 other. 

1 "81. An illTjminator according to Claim 69 or 73, 

2 wherein the conical surfaces can be moved into proximity for 

3 coxmtering the divergence to keep the intensity 

4 configuration from becoming annular. 
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1 --82> An illuminator according to Claim 69 or 73, 

2 wherein a mask of variable size is positioned downstream of 

3 said conical surfaces within said annular intensity 

4 prof ile> 

1 --83 > An illuminator accordincr to Claim 73, wherein 

2 the conical surface of the first refractive element is 

3 concave, and the conical surface of the second refractive 

4 element is convex. -- 

1 --84. An illuminator according to any of Claims 68-73 

2 or 83, wherein a variable size mask is arranged within the 

3 illumination path for blocking illumination within the 

4 annular configuration of intensity. 

1 --85. An illuminator according to Claim 84, wherein 

2 said illixmination divergence is substantially eliminated by 

3 moving said conic surfaces into proximity. -- 

1 --86. An illuminator according to any of Claims 68-73, 

2 wherein the illumination within said annular configuration 

3 of intensity is blocked bv a mask.-- 

1 --87. An illuminator according to Claim 69 or 73, 

2 wherein the conic surfaces of the refractive elements face 

3 away from each other. -- 
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1 --88. An illuminator according to Claim 73, wherein 

2 the refractive elements are faceted. -- 

1 --89. An illuminator according to Claim IS, wherein 

2 the concave and convex conical surfaces face away from each 

3 other . - - 

1 --90. An illTjminator according to Claim 68 or 69, 

2 wherein a variable size mask is positioned within said 

3 illuminator to block illumination within said annular 

4 configuration. - - 
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For: PROJECTION EXPOSURE APPARATUS 

* * * 

DECLARATION IN SUPPORT OF REISSUE APPLICATION 

We, Kazuo Ushida and Masaomi Kameyama, hereby make the 
following Declaration: 

1) We are citizens of Japan residing at Tokyo, Japan. 

2) We verily believe that we are the original, first, 
and joint inventors of the invention described and claimed 
in United States Letters Patent No. 5,530,518 issued June 
25, 1996, and in the specification and claims of the above- 
identified reissue application. 

3) We have reviewed and understand the contents of the 
specification and claims of said application. 

4) We acknowledge the duty to disclose information 
that we are aware of which is material to patentability as 
defined in 37 C.F.R. § 1.56. 

5) We hereby claim foreign priority benefits under 
Title 35, U.S.C. § 119 with respect to Japanese Patent 
Application No. 3-343601 filed December 25, 1991, the 



priority of which was also claimed in our original 
application for patent, 

6) We verily believe said Letters Patent to be partly 
inoperative by reason of our having claimed less than we had 
a right to claim in said Letters Patent, and more 
particularly by our having omitted therefrom claims of the 
scope of Claims 26-29 presented in this reissue application. 

7) The failure to present, in our original 
application, claims of the scope of Claims 26-29 of our 
reissue application constitutes an error that arose without 
any deceptive intention on our part or on the part of Nikon 
Corporation, the Assignee of said Letters Patent. 

The undersigned declare further that all statements 
made herein of their own knowledge are true and that all 
statements made on information and belief are believed to be 
true; and further that these statements were made with the 
knowledge that willful false statements and the like so made 
are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of 
the application or any patent issuing thereon. 
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* * * 

OFFER TO SURRENDER, ASSENT OF 
ASSIGNEE AND POWER OF ATTORNEY 

Nikon Corporation, a corporation duly organized under 
the laws of Japan and having a place of business at Tokyo, 
Japan, is owner, by assignment, of the entire title to 
United States Letters Patent No. 5,53 0,518 granted on June 
25, 1996, for PROJECTION EXPOSURE APPARATUS. 

Nikon Corporation hereby offers to surrender said 
Letters Patent and assents to the reissue of said Letters 
Patent. 

Nikon Corporation hereby appoints Nelson H. Shapiro, 
Registration No. 17,095, Mitchell W. Shapiro, Registration 
No. 31,568, and James T. Wilson, Registration No. 41,439, of 
the firm of Shapiro and Shapiro, Registration No. 18,810, 



its attorney (s) and/or agent (s) with full power of 
substitution and revocation, to prosecute this application 
and to transact all business in the Patent and Trademark 
Office connected therewith, all correspondence to be 
addressed to Shapiro and Shapiro, 1100 Wilson Boulevard, 
Suite 1701, Arlington, Virginia 222 09. 

NIKON CORPORATION 



By: 




Signature 



Name: 



Tadao TSURUTA 



Title: 



Executive Vice President 



Date: 
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Nikon Corporation, a corporation duly organized under 
the laws of Japan, certifies that it is the Assignee of the 
above-identified patent application by virtue of an 
Assignment from the inventors of said patent application, 
said Assignment having been recorded in the Patent and 
Trademark Office at Reel 6350, Frame 0908. 

The undersigned is authorized to sign this Statement on 
behalf of said Assignee. 



* 



* 



STATEMENT UNDER 37 C.F.R. § 3,73 (b) 



Assistant Commissioner for Patents 
Washington, D.C. 20231 



Sir: 



September 11, 1998 




Reg. No. 17,095 
Attorney for Assignee 



